

THE 

GENERAL RADIO 


Experimenter 



VOLUME 44 
NUMBERS 10,11,12 
OCTOBER/DECEMBER 1970 




IET LABS, INC in the GenRad tradition 

www.ietlabs.com 


534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • fax: (516)334-5988 











THE 

GENERAL RADIO 

Experimenter 


VOLUME 44 NUMBERS 10-12 OCTOBER/DECEMBER 1970 


Audiometric Measurement: 150 Years of Applied Research . . 3 

A Big Little-Brother Preamplifier.8 

The Greeks Had a "Word" for It - Stroboscope.9 

Information Retrieval .10 

EXTRA! Stability in Standard Capacitors. Precision in 
Capacitance Measurements . 11 

GR Reflectometer Now Has Versatile 1-18 GHz RF Unit ... 16 

Expansion in the Resistor Family . 18 

Solid-State. Programmable Attenuators.18 

Windscreens for Microphones .19 

A Counter Improves. 19 


The General Raiiio Experimenter is mailed without charge to 
engineers, scientists, technicians, educators, and others interested in 
the instruments and techniques of electrical and electronics meas¬ 
urements. Address all correspondence to Editor, General Radio 
Experimenter, General Radio Co.. Concord. Mass 01742. 

©1970 - General Radio Company, Concord, Mass., USA 01742 


Inevitably, as time goes by. we awaken to 
the fact that our hearing is not as good as it 
used to be. If we are lucky. Nature will pro¬ 
ceed slowly, but surely, to steal this sense 
from us. If we are unlucky. Nature will re¬ 
ceive much help in hastening the process from 
the trappings of civilization - the noises of 
machinery, jet engines, rock and roll,etc. The 
tragedy of the latter case lies in the insidious¬ 
ness by which we are consigned to that quiet¬ 
er world. 

Deafness was recognized in the practice of 
medicine from its inception but compara¬ 
tively little was known about how to meas 
ure the loss until the early part of this cen¬ 
tury. In line with Lord Kelvin's axiom con¬ 
cerning measurement and knowledge, the 
medical profession has contributed much 
data since 1900 to establish degree and type 
of deafness in patients. These data were de¬ 
rived from the audiometer, an instrument 
which has become increasingly familiar as in 
dustry has been alerted to one of its respon¬ 
sibilities — the well-being of the worker. 

In this issue. Rufus Grason, president of 
GR's subsidiary. Grason-Stadler, describes 
the foundations of audiometry and the devel¬ 
opment of the audiometer 

Audiometers can be complex or simple, as 
established by their applications in hearing 
research or for clinical studies. But they are 
indispensable in this era of an alerted public 
and a benevolent judiciary, determined to 
prevent man from helping Nature's relentless 
but slow progression toward an awesome, 
silent world. 


C £ U'XX 

C.E. White 
Editor 


Our Cover is an illustration of industry in action with a G S 1703 Audiometer This 
picture is being repeated in many plants these days The subject is undergoing a hearing 
res* to detect any deviation from the normal response 


Another year draws to a close. Perhaps it 
has not been the best of years to many of us 
but it is a part of our lives. Looking forward 
optimistically, we at GR hope to share with 
our readers a Holiday Season filled with hap¬ 
piness and a New Year of growth and pros 
perity. 

Season's Greetings 1 
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Audiometric Measurement: 
150 Years of Applied Research 


One of the many considerations influencing the recent merger of Grason-Stadler with General Radio 
was the former's expertise in life*c»ence instrumentation. Of particular interest was G-S's leadership in 
the design and distribution of acoustic and audiometric instrumentation—an area which significantly 
complements that occupied by GR's acoustic measurement devices. In the past year. Grason-Stadter has 
introduced two new major models, the G-S 1701 Diagnostic Audiometer and. more recently, the G-S 
1703 Recording Audiometer. Adding to an already extensive line, these models represent two extremes 
of a continuum of devices whose applications range from relatively simple automatic screening to highly 
sophisticated research. This article describes these two units, how they came to be and their significance 
in the audiometric field. 


WHAT IS AN AUDIOMETER? 

In simple terms, an audio me ter & an electronic instrument 
used to measure an individual's hearing acuity. The simplest 
units perform this function by providing to the listener (usu¬ 
ally through earphones) an audio signal (commonly a pure 
tone) of known intensity and frequency More sophisticated 
instruments offer the listener a variety of signals, pure tones, 
white noise, and speech, through a variety of output trans¬ 
ducers earphones, bone vibrators, or loudspeakers. These 
audiometers often will record, for several frequencies, the 
intensity level at which the listener just hears the signal. 

The audiometer is usually operated under the auspices of 
an audiologist , a professionally (rained individual interested 
in the measurement of the heanng function, its relationship 
to normative data, its assessment and, where appropriate, its 
treatment. As a formal discipline, the field of audiology plus 
the instrumentation that accompanies it is slightly more than 
20 years old Both were precipitated during the post World 
War II era when thousands of service personnel with varying 
degrees of hearing impairments returned to civilian status. 
Then, more than ever before, there was need for equipment, 
trained personnel, and accepted, proven techniques. 

ROOTS OF AUDIOMETRY 

The earliest attempts, in the beginning of the 19 ,h cen¬ 
tury to establish techniques for the measurement of hearing 
involved little or no instrumentation as such. On the simplest 
level were live-voice tests, which typically required the tester 
to maintain 3 fixed-intensity speech level while varying the 
test distance until he could just be heard by the listener. 
Although this type of test yields some information regarding 
how an individual handles speech communication, it requires 
well-practiced testers, is subject to great test-retest varia¬ 
bility, and is, at best, adequate only for screening purposes. 

Other early hearing tests involved the tuning fork, whose 
prongs vibrate when struck lightly, producing a pure fixed- 
frequency tone. The tuning fork provided a convenient 
means of generating a precisely repeatable fixed frequency, 
even though it was a greater problem to control the sound 
level at the subject's ear with the tuning fork than with live 
speech. Moreover, it also manifested the ability to transmit its 
signal by means other than air conduction, for, if its base is 
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placed in contact with any solid material wood, metal, or 
the human skull it induces sympathetic vibrations in that 
material. This characteristic made the tuning fork uniquely 
suitable for early attempts to determine the anatomical site 
responsible for a given heanng loss. 

Normally, the vibrating fork would be held outside the 
ear, air serving as the initial conductive medium. If the tone 
generated were heard by the listener, it was only because the 
ear was "normal” and the tone had been transmitted success¬ 
fully through the entire auditory chain, including the outer, 
middle, and inner ears. If this test were unsuccessful, the next 
step might be to place the base of the vibrating fork behind 
the ear on the subject's mastoid bone, which serves as the 
initial conductive medium. For the tone generated by this 
process to be heard, it would only have to excite, by direct 
conductive vibrations, the inner-ear neural mechanisms 
through which acoustic stimuli are transmitted to the higher 
centers in the brain. If this step successfully elicited a re¬ 
sponse where air conduction had failed, it would seem to 
indicate some blockage or discontinuity in the outer or mid¬ 
dle ear. This mode of determiningany differential sensitivity 
to air-conduction and bone-conduction tests proved to be a 
viable diagnostic procedure. The basic technique pioneered 
with the tuning fork was subsequently refined and adopted as 
a standard procedure in the growing diagnostic repertoire. 

3 
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EARLY INSTRUMENTS 

For many years the tuning fork and live-voice test served 
as the most sophisticated means to measure human hearing. 
By the end of the 19 th century, however, technology had 
advanced to a point where corollaries to these types of tests 
could be implemented by electro-mechanical instruments. 
The earliest instruments designed to test hearing were 
scarcely one step removed from the tuning fork, in some cases 
containing that very device as their central component. In at 
least one instance, the tuning fork’s oscillations were used to 
modulate an electrical circuit and to produce an alternating 
current in a secondary circuit. Part of this secondary circuit 
was a telephone receiver that reproduced the frequency of 
the vibrating fork at the listener’s ear. This technique estab¬ 
lished a signal source with repeatable frequency characteris¬ 
tics Popularly called an “Acoumeter,” this tuning fork 
audiometer served as the basic auditory-test instrument until 
the alternating-current generator made possible the produc¬ 
tion of a signal with a wider frequency range than that of a 
tuning fork. The availability of the vacuum tube, in the early 
1920’s, made electronic audiometers commercially feasible. 

By the early years of the 20 th century, then, an electro¬ 
mechanical replacement had been found for the purely me¬ 
chanical tuning fork in air-conduction threshold tests It was 
only a few years later that an electro-mechanical successor 
was found for the tuning fork in its second application tests 
of bone-conduction hearing. To reproduce the effect of the 
vibrating base of the tuning fork, the diaphragm of a tele¬ 
phone receiver was replaced by a strip of metal to whose 
surface was attached a metal rod. This device, driven by the 
same auditory signal used in the air-conduction tests, could 
now serve as the vibration source. 

The electronic successor to the earlier live-voice speech 
testing came about gradually through the early years of the 
20 th century. By 1927, the technique of recorded speech 
tests implemented by a spring-wound phonograph - had 
reached a new peak of sophistication in the Western Electric 
4A Audiometer. This unit permitted individual subjects, or 
even entire classes of subjects, to be given speech threshold 
tests. 

Few really significant audiometric developments took 
place in the 30’s and early 40’s, prior to the outbreak of WW 
II. The field was growing, however, and commercial audiom¬ 
eters appeared in increasing numbers on the market, although 



Figure 1 1964 ISO threshold values for pure tone Earphone 
reference based on measurements made on National Bureau 
of Standards 9-A coupler and Western Electric 705earphone. 
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their mam characteristics were really quite similar. They 
were, without exception, vacuum-tube based. Several were 
equipped with sweep-frequency oscillators, though the ma¬ 
jority provided only a limited number of frequencies, most of 
them the so-called “tuning-fork frequencies” of 128 Hz and 
its multiples. Output transducers generally included a variety 
of types of earphones and early renditions of the bone vibra¬ 
tor. An electric buzzer was included as a rough approx¬ 
imation of a masking source on many units, to “mask” or 
shield the ear not under test from signals conveyed by air or 
bone from the ear under test. Intensity was usually specified 
in terms of decibels of attenuation for each frequency used. 

INSTRUMENTATION IMPROVEMENTS 

In terms of the test equipment that had preceded them, 
the instruments described above reflected significant ad¬ 
vancements in both audiometry and general electronic tech¬ 
nology. The technology as a whole, however, was still in rela¬ 
tive infancy. 

Standards 

When audiometers first were commercially manufactured, 
there were no accepted standards to specify either “normal” 
thresholds, acceptable signal parameters, or test techniques. 
Over the years, however, many organizations have been 
formed specifically to establish, revise, and maintain such 
standards. 

One of the most important standards, worked out over the 
course of several years, specifies the “normal” threshold in¬ 
tensities of the most significant frequencies in the audible 
continuum. These so-called normal absolute threshold values 
were obtained by screening large segments of the population 
to locate individuals without obvious hearing abnormalities, 
then by meticulous tests of these individuals’ hearing. After 
further screening of the data, a statistical average was made 
and an absolute threshold value for each of several frequen¬ 
cies determined. Figure 1 shows the ISO pure-tone absolute 
threshold levels versus frequency. 

On modem audiogram forms, such as that from the C.-S 
1701 (shown in Figure 2), an individual’s hearing at several 
frequencies is plotted with reference to Hearing Threshold 
Level, 0 dB HTL is equivalent to the standard normal thresh¬ 
old values shown in Figure 1. 

The G-S 1701, like most other audiometers, changes the 
intensity of the output as the frequency is changed and auto¬ 
matically references the signal to the accepted threshold 
standards. A subject with hearing acuity more sensitive than 
normal will show a negative HTL. A subject whose hearing is 
less sensitive than normal will show a positive HTL. i.e., he 
will require a signal more intense than normal to hear the 
same frequency tone. 

Calibration 

The American National Standards Institute, Inc. (ANSI) 
the National Bureau of Standards, and other regulatory 
groups also have tried to establish standards in the critical 
area of audiometer calibration. The output level of early audi¬ 
ometers, for example, was calibrated by the measurement of 
voltage produced across the earphones. While such an ap¬ 
proach could accurately describe the adequacy of the signal 
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Figure 2. G-S 1701 audiogram, 
illustrating possible inner-ear 
hearing loss. 


within the system, it took into account neither the likely 
non-uniformity of the earphone response nor the effect on 
that response of the volume, resonance, and impedance char¬ 
acteristics of the ear into which the signal was directed. 

The most significant improvement in this area came when 
couplers and, later, artificial ears were introduced into the 
audiometric calibration process. Both these devices, made 
with known volume and material, serve as substitutes for the 
human ear. The earphone of the audiometer to be calibrated 
is tightly fitted to the mouth of the coupler or artificial ear. 
The sound-pressure level of the earphone signal, introduced 
at a fixed input level, can then be measured and read through 
a microphone contained in the cavity. 

Masking Sources 

The importance of a masking source to mask, or block, 
transmission of the test signal to the ear not under test was 
recognized in the I920's, and early audio meters contained an 
ordinary electrical buzzer specifically for this purpose. It 
soon became apparent that the precise nature of the masking 
agent especially its frequency spectrum - significantly 
affected the purc-tone threshold being measured. 

White noise, whose spectrum contains equal amounts of 
all audible frequencies, provides a more effective masking 
agent than the buzzer and continues to be used to the present 
day. White noise masks all frequencies equally, including that 
of the test signal, and with a minimum production of beats or 
harmonics. This major advantage of white noise, however, is 
also its main disadvantage. Because the wmte-noise spectrum 
is so broad, it introduces to the ear not under test a much 
higher over-all energy level than is required to mask any given 


pure tone. Ideally, most efficient masking would be accom¬ 
plished with a very narrow band of frequencies centered 
around the test tone, which would concentrate the available 
energy in the vicinity of that tone. 

As its latest approximation to an optimum masking signal. 
Grason-Stadlcr has incorporated into its 1701 Audiometer a 
variable narrow-band noise source whose bandwidth changes 
as a function of the frequency of the test tone. This variable 
bandwidth, which permits efficient masking to take place at 
all frequencies, is unique to the C#-S 1701 and stands out as 
one of its most important features. 

Speech Testing 

The disadvantages of live-voice tests have already been 
mentioned. It became apparent at a relatively early stage, 
however, that whatever the advances in sophistication of 
pure-tone audiometry, speech material could not be aban¬ 
doned entirely as an audiometric stimulus. Not only are there 
psychological advantages in tests with a speech stimulus, 
normally dealt with by average listeners, but there are certain 
common heanng disorders in which the subject manifests 
significantly less ability to understand speech than his purc- 
tone threshold would suggest. For these reasons, improved 
instrumentation and the standardization of testing materials 
were needed. 

A variety of speech materials has been developed specifi¬ 
cally for speech audiometry through the years. Much of the 
work originated at the Harvard Psychoacoustic Laboratory, 
the Bell Telephone Laboratories, and the Central Institute 
for the Deaf. Such material generally includes the equally 
stressed (spondee) and phonetically balanced lists whose 
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Rufus L. Grason received a very practical introduction to the field 
of psychoacoustics and its instrumentation by first working in. and 
later assuming responsibility for. the electronics shop at the Har 
vard Psychoacoustic Laboratory His experience and training lead 
him in 1949 to form, with Steve Stadler. the Grason-Stadler 
Company, now a subsidiary of General Radio. As President and 
Director of Engineering, he has been intimately involved with design 
and development of the company's equipment, most recently the 
1701 and 1703 audiometers In the early 1960's. Mr. Grason served 
as a member of the American Standards Association writing group 
whose recommendations for audiometers resulted in the ANSI 1969 
specifications. He is currently Secretary of a subcommittee of the 
International Electrotechnical Commission, preparing specifications 
for diagnostic and research audiometers. 


phonemic make-up roughly matches that of American col¬ 
loquial speech. This material is presented in standard speech 
tests either by an operator or through tape or phonograph 
inputs. 

Modem audiometers such as the G-S 1701 include a VU 
meter that can be switched into the circuit to calibrate the 
input signal, either the speaker's voice or a recorded (tape or 
phonograph) input. To deliver a fixed-intensity speech signal 
to the subject in live-voice tests, the operator need only speak 
into the microphone and control the intensity of his speech 
with the aid of the monitor VU meter. Precisely repeatable 
intensity increments or decrements can then be made by a 
simple adjustment of the attenuator control. 

A second method of implementing speech tests is to pre¬ 
sent the recorded material by means of either a phonograph 
or a tape recorder. To facilitate such an approach, most of the 
standard word lists are now provided by audiometer manu¬ 
facturers on records, which have the advantage of providing a 
uniform speaking voice: this permits excellent inter-clinic 
data comparisons. At the beginning of these records a 
1000-Hz calibration tone is generally included, which can be 
used to ensure that different testers present subsequent test 
materials under more nearly comparable conditions. 

Suprathreshold Tests 

One of the major disadvantages ofithe earlier audiometers 
was their exclusion of suprathreshold testing. Almost with¬ 
out exception, audiometers were used to determine the mini¬ 
mum audible intensity that could be detected by the listener. 


i.e., his threshold. In recent years, a number of tests that use 
auditory stimuli well above normal threshold have been de¬ 
veloped which, when used as constituents of a multiple-test 
battery, become useful as aids in defining the anatomical site 
of the hearing impairment. Two of the better-known tests 
include the Short Increment Sensitivity Index (SISI) and the 
Alternate Binaural Loudness Balance (ABLB). 

In the SISI test, the listener hears a continuous tone pre¬ 
sented at a level approximately 20 dB above his threshold. 
Every 5 seconds, a 200-ms, 1-dB increment is added to the 
pure tone. The percentage of increments heard is used to 
establish an evaluation score. 

The ABLB test provides information about the supra¬ 
threshold phenomenon of recruitment, i.e., the abnormally 
rapid increase in loudness as intensity is increased in patho¬ 
logic ears. This test, which postulates one normal ear. is pre¬ 
sented by alternating a pulsed tone between cars, its intensity 
in one ear controlled by the operator and that in the other 
ear controlled by the subject. The operator gradually in¬ 
creases the sound-pressure level in the one ear, and the sub¬ 
ject is requested to adjust the intensity in the other until it 
seems to match. The listener who perceives the tone to be 
growing louder at a faster rate in one ear than in the other 
generally exhibits some abnormality associated with the or¬ 
gan of Corti. 

Automatic Audiometers 

In the early years of electronic instrumentation, the audi¬ 
ometer was manually operated. Intensity ^and frequency 
changes, and any timing of signal duration, were imple¬ 
mented by the operator The responses of the subject, usually 
a verbal “yes” or “no” or a hand signal, were also manually 
recorded by the operator. 

In recent years, especially since WW II. an increasing num¬ 
ber of these functions have been automated. In addition to 
the obvious benefit of operational ease, such automation has 
resulted in increased reliability by presenting standard test 
sequences, free from operator intervention and the conse¬ 
quent possibility of error. On the automatic G-S 1701, for 
example, standard tests that employ short auditory signal 
presentations are automatically timed. The G-S 1701 also 
varies intensity and frequency parameters, and it records the 
subject responses to these stimuli. The technique through 
which this is accomplished is generally referred to as the 
Bekcsy technique, after Georg von Bekcsy who developed the 
procedure in the 1940’s. 

Bekcsy’s technique requires I hat the subject’s threshold be 
recorded continuously at several test frequencies. While the 
test is being administered, a recording pen is moved along the 
horizontal axis of the audiogram form, on which frequency is 
plotted. In the absence of a subject response, an automatic 
attenuator associated with the subject switch increases the 
sound level and simultaneously moves the recording pen 
down along the HTL (vertical) axis of the form. In the pres¬ 
ence of a subject response, the attenuator decreases the sound 
level and moves the recording pen up along the chart’s vertical 
axis. The end result of this procedure is that a record is made 
of the subject responses in the region between audibility and 
inaudibility. 
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THE GR ASON STADLER AUDIOMETERS 

Grason-Stadler has been designing and manufacturing au- 
diometne equipment for more than 20 years. Its present line 
of audiometry-related instrumentation includes a speech au¬ 
diometer: a psychogalvanometer, which utilizes conditioning 
techniques to elicit a change in skin resistance as an indicator 
of auditory threshold; a group hearing aid. essentially an am¬ 
plifier used in group situations to communicate with the 
hard-of-hearing, and two audiometers the G-S 1701 and 
1703. 

The G-S 1701 Audiometer 

The G-S 1701 is a sophisticated diagnostic audiometer 
used under the auspices of professional audiologists to meas¬ 
ure and assist in the evaluation of the hearing function. Since 
it is designed to he used in the diagnosis of hearing impair¬ 
ments which requires the administration of whole bat¬ 
teries of related tests the instrument is extremely versatile. 
Signal sources include pure-tone, white, narrow-band and 
speech noise, as well as microphone, phonograph, and tape 
recorder inputs. Output transducers include loudspeakers 
for sound-field tests, earphones for air conduction, and a 
bone vibrator for bone-conduction tests, all three advan¬ 
tageous for reasons mentioned above. Suprathreshold tests 
such as S1S1 and ABl B are automated and can be imple¬ 
mented by changes of a few front-panel switches. 

Intensity output of both channels of the G-S 1701 is from 
I 5 dB to + 1 15 dB HTL for mid-range pure tones. Timing for 
other tests can be implemented manually or automatically in 
a variety of switch-selected modes. To facilitate verbal com- 
munication with the listener being tested, a talk- 
forward/talk-back system with independent level controls is 
included with the G-S 1701. 

Perhaps its most outstanding feature is the flexibility of its 
automatic control provisions. In addition to sweep-frequency 
Bekesy, it can present fixed-frequency Bekesy or automatic 
ABl B tests. Another distinctive feature is its variable band¬ 
width masking source, the first such masking source to appear 
on a commercially available audiometer. 

The G-S 1703 Audiometer 

The G-S 1703 Recording Audiometer is much simpler and 
less sophisticated than the 1701. It has been designed primar¬ 
ily for use in the early stages of a well-developed hearing 
program, to distinguish normal from hard-of-hearing indivi¬ 
duals. Although the G-S 1703 will be used for a variety of 
applications, it will undoubtedly find wide-spread use in in¬ 
dustrial and business situations where high ambient-noise 
levels might adversely affect hearing. 

The existence of noise-induced heanng loss has been rec¬ 
ognized for a number of years; the first national conference 
on noise was held in 1952. Since then, numerous variables 
contributing to noisc-induced hearing loss have been deter¬ 
mined with some precision: over-all noise level, composition 
of the noise, duration and distribution of exposure, and total 
time of exposure. These inquiries have led quite recently to a 
senes of federal and State laws that specify permissible noise 
conditions and prescribe compensation for workers suffering 
heanng loss due to occupational noise exposure. 
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In recognition of these possible effects of noise, more and 
more companies are establishing their own in-plant heanng 
test centers. When fully operational, these facilities will be 
used to screen individuals before they enter the working en¬ 
vironment and at vanous time intervals during their occupa¬ 
tional careers. In this manner, both the worker and the 
employer can be assured of mutual protection against the 
undesirable effects of noise pollution. 

The G-S 1703 is a pure-tone audiometer with an intensity 
range of -10 dB to 90 dB HTL. It is extremely simple to 
operate, having only three operator pushbuttons - Start, 
Stop, and Hold. Included as an integral part of the unit is a 
recorder that makes a permanent record of subject responses, 
first for the left and then for the right ear. At each of the 
seven discrete frequencies presented, the subject’s threshold 
is determined and recorded via a modified Bekesy technique. 

The G-S 1703 has at least two unique features not incor¬ 
porated in other units currently available. First, the subject- 
controlled intensity changes at a variable rate, rapidly at the 
start of each test frequency, then more slowly as threshold is 
approached. This technique means that less time is spent get¬ 
ting to the threshold region at each frequency and more time 
is spent defining the threshold precisely. This, in turn, means 
greater retest reliability and a more meaningful audiogram. 

Second, the G-S 1703 automatically initiates a check of 
threshold at 1 kHz at the end of each test. This value, when 
compared to the previous threshold value of 1 kHz. gives the 
operator an immediate indication of the validity of the test. 

CONCLUSIONS 

These distinctive features of the G-S 1703, added to its 
ease of operation and its reliability of design, should give it. 
like its more sophisticated antecedent, the G-S 1701, a long 
and healthy life in a world which increasingly requires precise 
information about the human hearing function. In conjunc¬ 
tion with GRs growing line of instruments for sound meas¬ 
urement, these two units and their companions provide one 
of the most comprehensive single sources for audiometric 
and acoustic equipment. 

— R. L. Grason 

The author acknowledges, with gratitude, the work performed by 
Carol W. Hetzcl in assembling and coordinating much of the material 
in this article. 
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Condensed specifications for the G-S 1701 and 1703 Audiometers 
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A BIG LITTLE-BROTHER PREAMPLIFIER 



GR 1560-P42 Preamplifier 



The GR 1560-P42 Preamplifier is a 
bridge between most test microphones 
(ceramic or Condenser) or ceramic 
transducers and the GR analyzers and 
sound-level meters. It is similar to the 
GR 1560-P40unit but incorporates sev¬ 
eral improvements in its design. 

Some Details 

The -P42 unit is of smaller physical 
size (1 /2-inch diameter by 6-inch 
length); incorporates switch-selected 
polarizing voltages, derived from an in¬ 
ternal 65-kHz (approximate)oscillator, 
for condenser microphones; and has 
larger output current. Its three-wire 
output transmission system has a sepa¬ 
rate signal ground and a shield that does 
not carry signal current, thereby re¬ 
ducing hum pickup. 

The standard front-end connection 
is readily adaptable to most test- 
measurement condenser and ceramic 
microphones. The input connection is 
guarded by a signal-driven shield, which 
reduces capacitive loading for low-ca¬ 
pacitance microphones. Provision has 
been made, as an integral part of the 
preamplifier output jack (Figure 1), for 
insert-voltage calibrations, typically re¬ 
quired for laboratory standard micro¬ 


phones such as the Wh 640AA, and for 
remote checks of systems. 

The preamplifier class AB output 
stage can provide up to 10 m A peak and 
> 1 V rms to feed full audio-range sig¬ 
nals through cables as long as one mile; 
with no signal it draws less than 1 mA at 
+ 15 V, when used with ceramic micro¬ 
phones, thereby promoting longer sup¬ 
ply battery life. Gain of the -P42 is 
switch-selected as unity (OdB)orx 10 
(20 dB). The FFT input-stage design 
provides diode protection against input 
surges. 

Connection between the preampli¬ 
fier and transducers is by means of the 
accepted 0.460-60 thread, to fit present 
condenser microphones and their adap¬ 
tors. Most other microphones and accel¬ 
erometers are connected by use of sim¬ 
ple GR adaptors. 

Power for the -P42 unit is available 
from most of GR’s sound analyzers and 
sound-level meters. For use with other 
instruments or for long cable runs, the 
GR 1560-P62 Power Supply will pro¬ 
vide the required power. The power 
supply includes NiCad batteries, charg¬ 
ing circuitry, an automatic low battery- 
voltage sensor to prevent excessive dis¬ 
charge. load-current limiting, and re- 



Figure 1 Schematic of 3-wire and insert-voltage connections in *P42 preamplifier. 
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1/2-in. microphone 



1/4-in. microphone 


1/8-in. microphone 

mote-switch control capability to turn 
off the power. 

Other Necessities 

Since no single type of microphone 
satisfies all test requirements, GR has 
made available as sets a group of micro¬ 
phones to supplement the preamplifier 
unit. The 1-inch ceramic and 1/2-inch 
condenser microphones are useful for 
measurements of low or moderate 
sound-pressure levels at normal audio 
frequencies. The 1/2-, I/4-. and 1/8- 
inch condenser microphones are re¬ 
quired when measurements are made at 
high sound-pressure levels or high 
frequencies. Each set includes all neces¬ 
sary 1 adaptors to mate microphone, pre¬ 
amplifier, and GR 1562 Sound-Level 
Calibrator. In addition, an adaptor is a- 
vailable to mate the -P42 unit and stand¬ 
ard 1-inch condenser microphones such 
as the Western Electric 640AA,another 
adaptor is supplied to mate to Switch- 
craft-type A3 audio-type connectors. 

The GR 1560-9580 Tripod accom¬ 
modates both the -P42 and-P40 pream¬ 
plifiers, the GR 1560-P5 microphone, 
and all sound and vibration instruments 
having a 1 /4-20 threaded tripod mount. 

Development of the GR 1560 P42 was by 
E. R. Marteney. 


Complete details of the GR 1560 P42 Pre¬ 
amplifier. microphones, and adaptors are a- 
vailable in GR Catalog U 
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15609531 

1-inch 


Condenser Microphone Sett 

15609532 

1/2 inch 

1560 9533 

1/2 inch 

1560 9534 

1/4 inch 

15609515 

I /4 inch 
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The Greeks Had A "Word" For It - Stroboscope 



A coined word of deep impact in the field of illumination, 
derived from strobos (whirling) and skopeo (I look at) 


Years ago man discovered that the eye could perceive 
rapidly moving objects by observing them only intermittent¬ 
ly. as through a slit in a whirling opaque disc. A similar “mi¬ 
raculous” phenomenon familiar to early western-movie fans 
was commonly termed “wagon-wheel effect” and was due to 
the harmonic relationship between the information-sampling 
(camera-framing) rate and the rotational rates of the thou¬ 
sands of wagon wheels that thundered across the silver screen. 
But it took the introduction of Dr. Harold Edgerton's elec¬ 
tronic stroboscope by General Radio Company some 38 
years ago to bridge the gap between a novelty principle and a 
widely-useful tool. Intense microsecond flashes of light pro¬ 
duced by the many improved general-purpose instruments 
introduced over the years provide the ultimate in motion¬ 
stopping capability to observe visually, to measure the speed 
of. or to photograph events and objects that would otherwise 
be but a blur. 


Customer requests indicated a need for several additions 
to the GR strobe line such as the GR 1540 Strobolume® 
electronic stroboscope. 1 which produces extremely high light 
output, and the GR 1541 Multiflash Generator, 2 an acces¬ 
sory for photographic applications. New, less-expensive light 
generators also were requested for “single-use” applications 
that demand less versatile light sources, such as a simple basic 
stroboscope designed only to “freeze” motion for visual 
study. One answer to these needs is the GR 1542 Electronic 
Stroboscope. 

Small But Mighty 

Simplicity in itself, the GR 1542 is a small, rugged, inex¬ 
pensive and simple-to-operate stroboscope that puts the 
magic of frozen motion at your fingertips. Its stable wide- 
range oscillator produces steady stopped- or slow-motion 
images. 

Most stroboscopes produce an image that appears to the 
operator to decrease in brightness as th<> flash rate is de¬ 
creased. Usually this undesirable situation is overcome by 
switching additional capacitors into the discharge circuit at 
reduced oscillator frequencies. The GR 1542, however, uses a 
novel electronic circuit to provide an essentially constant sub- 


1 Miller. C. E., “Detailed Viewingin Ambient Brightness," G/? Exper/- 

menter, Sep tern her /October 1969. 

2 Miller. C. E., and Rogers, W. t“New Shoes for an Old Workhorse.’* 
GR Experimenter. July /September 1970. 


The Bear Corporation’s portable automobile 
wheel-balancing machine incorporates 
GR 1542 stroboscope. 


Photograph courtesy o 1 

Bear Corporation. Rock Island. Illinois. 



OCTOBER/DECEMBER 1970 


9 



nTTEAF5riNC in the GenRad tradition 

I www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • ( 800 ) 899-8438 • FAX: (516) 334-5988 






C. E. Miller was graduated from Yale Univer¬ 
sity in 1960 with a B. Eng. degree and re 
ceived his MS degree from Massachusetts 
Institute of Technology in 1966 He joined 
General Radio In 1960 and is an engineer in 
the Component and Network Testing Group. 
He is a member of IEEE . AOA and ATI and 
holds a patent for a constant offset frequen¬ 
cy-generating device to produce slow-motion 
images. 


jective image brightness over a wide speed range without 
switching, resulting in greater operational simplicity and 
lower over-all cost! 

In education, the OR 1542 is well suited to student use in 
experiments that demonstrate the principles of stroboscopy 
and harmonic motions. Industrial uses for the GR 1542 
abound in development, test, and maintenance areas. Careful 
electrical and mechanical design assure that this hand-held 
instrument will perform faithfully under severe industrial en¬ 
vironmental conditions. 

A particularly interesting application involves the use of a 
slightly modified GR 1542 in a new-type automobile wheel¬ 
balancing machine (Figure I) invented by Bear Manufactur¬ 
ing Corporation of Rock Island. Illinois long the foremost 
manufacturer of automotive brake and wheel alignment 
equipment in the USA. The stroboscope is an essential com¬ 
ponent in the “Telabalancer.” With this machine the operator 
quickly makes extremely accurate balances of wheels with all 
parts, including the hubcaps, in place and at road speeds of 
120 mph! Bear chose to use the GR 1542 for the critical 
illuminator in the Telabalanccr because of its high, rclatively- 


constant light output, oscillator stability, and ease of adjust¬ 
ment important factors to the operator often working 
rapidly in areas of high ambient illumination High reliability 
is also a prime requirement as the Telabalancer must function 
day after day. The stroboscope package provides the rather 
unique advantage that the entire strobe is bolted into the 
Telabalancer as a completely enclosed component. In the 
event service is required, the user simply unbolts and easily 
removes the stroboscope and returns it to his distributor for 
an exchange unit. 

Some Background 

Realization of the GR I 542 involved an unusual degree of 
cooperation among the industrial design, mechanical, and 
electrical engineers. The package was to be compact, neat in 
appearance, and the controls convenient to operate. It is 
physically rugged and thermally and electrically compatible 
with the high-performance strobe “innards,” assuring opera¬ 
tor safety and low cost. These criteria were met by use of a 
variety of tough plastics and a novel, symmetrical “clam¬ 
shell” injection-molded case, amazingly resistant to physical 
abuse. 

A single-range uncalibrated oscillator provides flashing 
rates from approximately 180 to 3800 flashes-per-minutc, or 
a speed ratio of approximately 20 to 1. Stability of the oscil¬ 
lator is of prime importance to produce steady, stopped, or 
slow-motion images. Accuracy of calibration, of course, is 
not a factor since the instrument is not intended for speed 
measurements. A fivc-tum continuous control provides ver¬ 
nier action for smooth speed adjustment throughout the 
oscillator range, and motions to above 50.000 rpm may be 
viewed by use of harmonics. 

User response indicates the GR 1542 provides good per¬ 
formance and a truly economical capability to “stop” high¬ 
speed motions for visual study or analysis. 

-C. E. Miller 

The GR 1542 was designed by the author; W. A. Montague and P. A 
d’Entremont contributed to the mechanical and industrial designs 
respectively. 
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An article edited by L. J. Chamberlain. Executive Vice-President 
of Time/Data (a GR company), presents the subject of time-senes 
analysis in comparatively simple terms and illustrations. It is entitled 
"A Simple Discussion of Time-Series Analysis” and is available to 
any reader who would like a single copy. Address your request to 
the Editor - GR Experimenter. General Radio Co.. Concord. Mass. 
01742. 
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EXTRA! 


Stability in Standard Capacitors, 
Precision in Capacitance Measurements 


Our standard capacitors do change with time. 


Even though these capacitors have remained satisfactorily 
stable over the years, the accuracy of the calibrations, Figure 
1, shows an inclination to plunge into the region where the 
uncertainties arc less than a part per million. The National 
Bureau of Standards has led the way with improved capac¬ 
itors and measurements. We have followed them, not only 
with interest but with some new instruments 1 designed to 
bring to other laboratories the increasing accuracy of NBS 
calibrations. 

The new OR 1408 10- and 100-pF reference-standard 
capacitors with the proven mechanical and electrical stability 
of a fused-silica dielectric have been constructed to provide 
higher accuracy in the transfer and storage of the unit of 
capacitance. The new GR 1616 transformer-ratio-arm bridge 
has also been built to meet the need for improved precision in 
the intercomparison of these standards and for high accuracy 
in the calibration and measurement of a wide range of other 

1 A hen aim, D. and Hersh, J. F., “New Fused-Silica-Dieleclric 10- and 
100-pF Capacitors and a System for Their Measurement,” IEEE 
Transactions on Instrumentation and Measurement, November. 1970. 



Figure 1. GR standard-capacitor 
calibration-accuracy improvement with time. 
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GR 1408 standard, with temperature-controlled air bath. 

capacitors. This bridge provides extended ranges of capaci¬ 
tance and conductance and extended sensitivity, particularly 
when used with the complementary new GR 1238 phase- 
sensitive detector and G R 1316 power oscillator. The bridge, 
detector, and oscillator assembly (GR 1621) is of value not 
only in the calibration of standards but also in the investiga¬ 
tion of the dielectric properties of materials, through meas¬ 
urements of small capacitances and conductances and of 
very small changes in these quantities. 

FUSED-SILICA CAPACITORS 

GR 1408 REFERENCE STANDARD CAPACITORS 

The fundamental design of the new 10- and 100-pF stand¬ 
ards is based upon the development at NBS by Cutkosky and 
Lee 2 of a 10-pF capacitor with time stability and small varia¬ 
tions due to voltage change or shock, which permit calibra¬ 
tion to parts in 10 7 . The dielectric material used for such 
stability is a special grade of fused silica. It has the further 
advantages of low losses and low frequency dependence of its 
dielectric constant in the audio frequency range. 

GR Design 

The two main considerations in the design of the fused- 
silica capacitors were the manner of applying the electrodes 
to the substrate and the manner of supporting the capacitor 

2 Cutkosky. K. I), and Lee. L.H.. “Improved Ten-Picofarad Fused- 
Silica Dielectric Capacitor,” \BS Journal of Research, Vol. 69C. 
Julv-September, 1965. 
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Figure 2. Substrate thickness 
is the only difference between 10* and 100-pF units- 


Figure 3. Effect upon capacitance 
of changes in back-substrate separation. 


in its cell. It became apparent very quickly that the gap be¬ 
tween these electrodes was critical. It had to be well defined 
and free of isolated particles of metal that could be attracted 
to the plated guard or electrodes by electrostatic forces, 
which would cause a dependence of the capacitance upon the 
voltage applied. The geometry of the support in the vicinity 
of the gap is the principal factor in the design of the cell as the 
direct capacitance is not completely within the fused silica 
but includes capacitance from the top face of one electrode 
through the gap to the other electrode. 

Figure 2 shows the configuration of the electrodes and the 
supporting cell. In the GR design the electrodes and guard are 
in the same plane on each face, and photo-etching techniques 
can be used both to generate the gaps and to adjust the capaci¬ 
tance by changing the area of an electrode. Fortunately, 
microelectronic techniques are available at GR for the depo¬ 
sition of electrodes and the generation of gaps. These tech¬ 
niques have proven more predictable and reliable than any 
grinding or masking technique investigated. Since the elec¬ 
trode areas are not equal and the capacitance is defined 
mostly by the area of the smaller electrode, only one gap is 
now crucial. 


The substrate is held between spring-loaded supports 
which are shaped so that, even if the substrate moves, the 
guard in the vicinity of the gap stays the same. As the distance 
between the plane of the gap and the holder above it changes 
so docs the direct capacitance. Figure 3 shows the magnitude 
of this effect. It appears from this graph that it is “unhealthy” 
to have the guard too close to the gap but, as the distance 
becomes greater than about 70 mils, the position of the guard 
is less critical. We take advantage of the last 300 ppm of 
change to provide for motion of the guard in the cell as a final 
capacitance adjustment. 

Construction 

Figure 4 shows two coated and etched capacitor sub¬ 
strates. The coating consists of 0.0005 inch of pure gold. 
Both the thin substrate(0.030 inch thick) for 100 pF and the 
thick one (0.300 inch thick) for 10 pF have a diameter of 
2.727 inches. The element is placed in a brass holder, and the 
capacitance is adjusted to ±100 ppm of nominal values Con¬ 
tact to the electrodes is made through gold-coated phosphor- 
bronze springs. Figure 5 shows the holder ready to be placed 
in a stainless-steel container, and also shows the assembled 
and sealed cell. This container is welded shut, evacuated, 
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Figure 5. Capacitor brass holder 
and assembled and sealed cell. 


Figure 6. Oil bath 
version of GR 1408 capacitor. 
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Figure 7. Air-bath 
version of GR 1408 capacitor. 


baked, back-filled with dry nitrogen, and sealed;connections 
to the capacitor are made via glass-to-mctal feedthroughs. 

The dielectric constant of fused silica has a temperature 
coefficient of approximately 10 ppm/°C. To make meaning¬ 
ful measurements at a level of a part in 10 7 , one has to know 
the ambient temperature to within 0.0 l°C. This can be ac¬ 
complished in an oil bath; Figure 6 shows the oil-bath version 
of the capacitor. The GR874* connectors, gold plated for 
lower contact resistance, are installed six inches above the 
capacitor to allow connection above the oil level. The nor¬ 
mally simple measurement of this capacitor in an adequate oil 
bath is, however, complicated by the additional precision 
apparatus required to make the accurate temperature meas¬ 
urements needed to define the capacitance value. For that 
reason, an air bath was developed which can provide one or 
two capacitors with their own environment and. therefore, 
eliminate temperature measurements except in the case of 
highest accuracy The air bath. Figure 7. is thermostatically 
controlled at a nominal 30°C. The bath has a long-term stabil¬ 
ity of 0.01°C; it changes by less than 0.01 °C for a 6°C change 
in ambient temperature. Temperature control is by a 12-volt 
system; batteries can be used during transportation. 
Performance 

Fvaluaiion of the fuscd-silica capacitors was difficult be¬ 
cause standards and measuring equipment capable of the re¬ 
quired accuracy and resolution were not available. We devel¬ 
oped this equipment concurrently with the capacitors. 

We found the voltage dependence of a fuscd-silica capac¬ 
itor to be a good indicator of its quality, and it is the first test 
made on all new units. The capacitance change has to be less 
than a part in 10 8 when the voltage applied is changed from 
50 to 150 V. 

Frequency dependence and dissipation factor are directly 
related to the dielectric and were evaluated by comparison 
with two types of air capacitors. Our tests showed the fre¬ 
quency dependence to be a few ppm between 1 and 10 kHz, 
the dissipation factor was also a few ppm at 1 kHz. Measure¬ 
ment accuracy was 3 to 4 ppm. 

The effects of mechanical and thermal shocks were inves¬ 
tigated. Oil-bath versions were dropped at different angles 
the capacitance did not change by more than a part in 10 7 . 


Some 100-pF assemblies showed more shock sensitivity (I 
ppm), attnbuted to bowing of the thin substrate. The capac¬ 
itors were also cycled between 0 and 50°C and the hysterisis 
effect was less than 4 ppm; the cause of this change is ques¬ 
tionable but could be due to temperature-measurement un¬ 
certainties of our oil bath. 

As for long-term stability, it could only be checked indi¬ 
rectly. The difference between two capacitors in an air bath 
did not change by more than one part in 10 7 during a one- 
year observation period. 


GR 1621 

PRECISION CAPACITANCE-MEASUREMENT SYSTEM 

One consequence of the improved quality of the new 
capacitors is that both the tests required to demonstrate their 
stability and the calibrations to be made in their ultimate use 
as standards require more precision than that to be found in 
the measurement systems of our laboratory and, indeed, of 
most laboratories. We met this need by developing the OR 
1621 Precision Capacitance-Measurement System (Figure 8). 
The system is comprised of the GR 1616 Precision Capaci¬ 
tance Bridge, 1316 Oscillator, and 1238 Detector. A specific 
design objective of this system was to provide precision in 
intercomparison measurements of our new capacitors to 
parts in !0 8 near 1 kHz. An equally important design objec¬ 
tive was to provide direct readings with high accuracy in 
measurements of a wide range of capacitance and conduc¬ 
tance at audio frequencies. 

H 



Figure 8. GR Precision Capacitance Measurement System. 
Top to bottom. 1316 Oscillator, 1238 Detector. 

1616 Precision Capacitance Bridge 
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BRIDGE, GRI6I6 


Figure 9. GR 1616 bridge Basic circuits. 


c 


GR 1616 Precision Capacitance Bridge 

The new bridge (Figure 9) uses the familiar transformer- 
ratio-arm bridge circuit. 3 Greater precision through higher 
applied voltages 150 volts at 1 kHz is obtained by use of a 
three-winding, 200-tums-per-winding toroidal transformer. 

The bridge has twelve decades of capacitance provided by 
twelve internal standard capacitors ranging from 100 nF to 1 
aF, and by the eleven taps on the transformer winding that 
give decade steps from 10 through 0 to-1. The three highest 
value capacitors can be disconnected in sequence when not 
needed, with a consequent reduction in detector shunt- 
capacitance loading and increase in bridge sensitivity. For the 
stability required in precision intercomparisons, the eight 
highest value capacitance standards are sufficiently insulated 
thermally to provide a time constant of at least six hours, for 
changes in the ambient temperature of the bridge. 

Losses in the unknown capacitors are balanced by conduc¬ 
tance decades, by use of five internal conductance standards 
three metal-film precision resistors (10 kfi, lOOkH.and I 
M£2) and two carbon-film resistors M0 M£2 and 100 MH). 


Hlcrsh, J. !-.. “Accuracy, Precision, and Convenience for Capacitance 
Measurements," The General Radio Experimenter , August 
September. 1962. 


Some operational features are 

• Capacitance measurement range 10 pF to 0.1 aF 

(I0‘ s to 10-' 9 F). 

• Limits of capacitance measurement errors range from 10 
ppm (1 nF, 100 pF. 10 pF standards) to 50 ppm from I kHz 
to below 100 Hz. measured at 23° ±1°C. 

• Conductance measurement range 10 3 to 10* 10 fim hos. 

• Limit of conductance measurement error is 0.1% of read¬ 
ing at 1 kHz, over most of the range. 

• Gold-plated GR874 coaxial connectors for low and repeat- 
able contact resistance; GR900® connector for coaxial 
capacitance measurements. 

• Terminals available for external-standard use. 

GR 1238 Detector and 1316 Oscillator 

The output of the GR 1616 bridge is only a few hun¬ 
dredths of a microvolt when the input to the bridge is 100 
volts and the unbalance is a part in 10 8 of 10 pF. The new 
detector developed to extract this small signal from noise, at 
the high impedance level of the bridge output, is a combina¬ 
tion of a high-impedance, low-noise preamplifier, a tuned 
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amplifier with I30-dB gain, and two phase-sensitive detector 
circuits. The input impedance is that of 1 GH in parallel with 
20 pF; the noise voltage at 1 kHz with a source impedance 
equivalent to the output impedance of the bridge in the meas¬ 
urement of 10 pF, i.e. t 100 Mft in parallel with 500 pF, is 
about 30 n V per root Hz. 

A resume of operating features of the oscillator and detec¬ 
tor includes: 

• Detector input is protected by diodes to the fullest extent 
of the oscillator’s output of 150 volts. 

• Matched decade switches tune the detector and set the 
oscillator frequency over the range 10 Hz to 100 kHz. 

• A line-frequency notch filter is available in the detector, 
plus a choice of linear or compressed meter response. 

• Detector bandwidth is narrowed by adjustment of the inte¬ 
gration time constant from 0.1 to 10 seconds, to reduce 
noise. 

• Bridge balance is speeded by the presence of detector panel 
meters that display magnitude of the unbalance signal plus 
the in-phase and quadrature components. The two phase 
meters can be made to respond to capacitance and conduc¬ 
tance independently by adjustment of phase relationships. 
The phase reference voltages can be rotated from 0 to 360° to 
achieve any phase condition. 

• The oscillator provides two 90°-displaced fixed-voltage 
reference signals to the phase sensitive detectors. 

• Oscillator output is readily controlled and monitored by a 
5-position range switch, vernier control, and panel meter. 

• Oscillator signal distortion is typically less than 0.3% with 
loads ranging from short to open circuit. 

• Amplifier output and meter outputs are available on the 
rear panel. 


CONCLUSION 

The new reference standard 10- and 100-pF capacitors, 
together with the new measurement system, make it easy for 
standards laboratories to improve their accuracy in the trans¬ 
fer and storage of the unit of capacitance. The new measure¬ 
ment system will also provide good direct-reading accuracy, 
to 10 ppm under limited conditions, in the calibration of a 
wide range of capacitors from 10 /iF to much less than a 
picofarad, at audio frequencies. From our experience eight 
years ago with the introduction of new standards (GR 1404 
capacitors) and a new measurement system (GR 1620), we 
can make two predictions: (1) Although this extended resolu¬ 
tion will solve some measurement problems, it will also reveal 
some new ones when we try to make the sixth, seventh, or 
eighth figure significant. (2) Although we have provided more 
resolution in the system than most of us need today, we know 
you will be asking for more resolution tomorrow. 

- D. Abenaim 
J. F. Hersh 


Condensed specifications for the GR 1408 Reference Standard 
Capacitor and the GR 1621 Precision Capacitance-Measurement 
System appear elsewhere in this issue. 



D. Abenaim (right) graduated from George Washington University in 
1965 (BSEE) and received the MSEE degree in 1967 from GWU He 
joined GR in 1965 as a development engineer, principally concerned 
with standards and precision measurements. During a leave of absence 
in 1967. Dan was at the National Bureau of Standards, working with 
transportable voltage standards and fused-silica capacitors. He is a 
member of Tau Beta Pi and IEEE 

J. F. Hersh (left) graduated from Oberlin College with the AB degree 
(1941) and went on to Harvard University tor his MA in Physics and 
PhD in Applied Physics (1942 and 1957) His doctorate work was in 
the field of electromechanical transducers. John's experience has in 
volved work at Harvard's Underwater Sound Laboratory and teaching 
physics at Wellesley College. He joined GR in 1957 as a development 
engineer but shared time with the National Bureau of Standards that 
year, involved in bridge and capacitance research. His work since has 
been with inductance and capacitance bridges and the development of 
improved standards and techniques. He is a member of IEEE, Phi 
Beta Kappa, and Sigma Xi. 


Catalog 

Number 


Description 


1621-9701 

1621-9702 


1621 Precision Capacitance- 
Measurement System 

Bench Model 
Rack Model 


1616-9700 

16169701 


1616 Precision Capacitance Bridge 

Bench Model 
Rack Model 


1316-9700 

1316-9701 


1316 Oscillator 

Bench Model 
Rack Model 


1238-9700 

1238-9701 


1238 Oetector 

Bench Model 
Rack Model 


1408-9700 
1408-9702 
1408 9703 
1408-9705 
1408-9706 


1408-9701 

1408-9704 


Reference Standard Capacitor, 

air bath 
1408, 10 pF 
1408. 10/10 pF 
1408. 100 pF 
1408. 100/100 pF 
1408. 10/100 pF 

Reference Standard Capacitor, 

oil bath 
1408-A, 10 pF 
1408-B, 100 pF 
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GR Reflectometer 
Now Has Versatile 
1-18 GHz RF Unit 


GR 1641 Sweep Frequency Reflectometer 
vuth the 18-GHz RF Unit. 



There are definite advantages in providing the facility for 
measuring the reflection (SWR) and transmission properties 
of networks over the widest possible frequency bandwidth. 
First, the set-up time and effort for measuring components 
that have differing band-center frequencies are greatly re¬ 
duced. Second, the equipment cost is lower when one high- 
directivity directional-coupler assembly can be employed in 
place of a number of octave-band couplers (in this case, 
about five). 

It is, furthermore, advantageous to have the best possible 
directivity in a network-analyzer directional coupler because 
it means making a direct measurement without the need for 
computer correction. An accurate, continuous sweep-fre¬ 
quency measurement can be performed in contradistinction 
to the step-frequency measurement required for computer- 
correction. 

The GR 1641 -9603 RF Unit comes closer to meeting these 
and other requirements than any of its predecessors. 

A Review of the System 

The complete GR 1641 Sweep-Frequency Reflecto¬ 
meter, 1 a type of network analyzer, has distinct features that 
make it ideal for the measurement of microwave compo¬ 
nents. Its original concept was to provide the simplest, eas- 
iest-to-use instrument for measurement of the magnitude 
only of reflection coefficient (return loss or SWR) and trans¬ 
mission coefficient (insertion loss) of networks or microwave 
devices. If there is no need to measure the phase of these 
parameters, then considerable simplification of the set-up 
and operation of the measuring instrument results. The earli¬ 
er GR 1641 offers this simplification with the result that,after 
a simple initial level-set adjustment, the instrument is com¬ 
pletely calibrated and ready for use. The adjustment is stable; 
there is no perceptible drift. This approach necessitates the 
inclusion of all the directional-coupler “plumbing" within 
the package, and this alone offers an advantage to the user. He 
is not required to gather up a hodge-podge of couplers, detec¬ 
tors, and cables to make up a measurement system. 

Some users, however, may prefer not to be bound by this 
concept. The fact is that the individual main-frame and plug¬ 
in units of the GR 1641 can be operated in other measure¬ 
ment systems. In particular the new GR 1641-9603 RFUnit, 
which covers the frequency range frqm I to 18 GHz, can be 
used in any network-analyzer to take advantage of the exccp- 


1 Mackenzie. T. E., et at, “The New Sweep-Frequency Reflec- 
fomcter, , ’Gff Experimenter , March-April 1969. 


tional directivity, the wide bandwidth, and the 18-GHz oper¬ 
ating frequency of this unique reflection-measuring device. 

Alternately, the GR 1641 Main Frame and Indicator may 
be employed with whatever plumbing the user chooses. In 
fact, if transmission or insertion-loss measurements only are 
required, this plumbing is nothing more than attenuator pads 
and a detector. An example is the GR 1641-P3 Transfer De¬ 
tector. With this unit, insertion loss as high as 60 dB can be 
measured. 

The New 1-18 GHz RFUnit 

The 1641-9603 RF Unit contains a newly-developed di¬ 
rectional coupler that has unusually good directivity over a 
wide band. This coupler has directivity performance com¬ 
parable to the best octave-band couplers. Also, the reflection 
coefficient or SWR looking back into the UNKNOWN termi¬ 
nals is quite low. Both these characteristics contribute to 
accuracy, a subject discussed below. The directivity is illus¬ 
trated in Figure 1 in terms of both dB directivity and residual 
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f ftlUUtftCT UMj 


Figure 1. RF-unit directivity. 



Figure 2. RF-unit equivalent source match. 
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SWR; the equivalent-source-match SWR is illustrated in 
Figure 2. The UNKNOWN connector is an IEEE Standard 
No. 287, GPC-7mm. The instrument may be converted easily 
to N, SMA. TNC and other popular connectors by means of 
precision adaptors. 

The rf-unit block diagram is given in Figure 3. One of the 
two identical directional couplers is used to sample the source 
signal and normalize it by leveling, so that the incident wave 
to the UNKNOWN is maintained constant. The tracking of 
the two couplers is important for this. An envelope or “vid¬ 
eo” detector is employed to provide the leveling signal. The 
second coupler is used to measure the reflection from the 
device under test connected to the GPC-7mm connector. The 
reflected signal is detected in a second envelope detector in 
front of which is installed a low-SWR,constant-attenuation. 
10-dB attenuator. This attenuator provides an improved 
match not achievable with broad-band diode detectors. 

The detectors are affixed by means of GPC-7mm connec¬ 
tors and can be removed for other applications. 

The couplers have a nominal coupling value of 19 dB, ±1 
dB approximately, from 4 to 18 GHz. At 3 GHz the coupling 
is 21.5 dB. at 2 GHz it is 25.5 dB.and at 1 GHz it is 32 dB. 

The 1*18 GHz Transfer Detector 

The GR 164I-P3 Transfer Detector is a well-matched en¬ 
velope-detector assembly comprising a 10-dB attenuator and 
a diode detector. The attenuator is employed to improve the 
match to the diode detector. With the GR 1641 indicator 
system the assembly has a sensitivity of -65 dBm. The SWR 
specification is 1.02 + 0.005/c Hz- 
Accuracy 

Although accuracy was described in detail on page 8 of the 
referenced Experimenter , a brief qualitative discussion is in 
order. 

The significance of the directivity, Figure 1, and the 
source match. Figure 2, are illustrated in the following ex¬ 
pression: 

irii=r () +kj\+kr s iv 



oc tic ton MATCHING 

ATTENUATOR 



Figure4. RF-unit accuracy. 



John Zorzy received his BS Physics degree from George Washington 
University in 1948 and his MS from Tufts College in 1950 His 
early experience was directly related to design and development of 
radar, antennas, and microwave devices He joined GR in 1960 and 
presently is Group Leader of the Microwave Group John is a mem 
ber of IEEE, Sigma Xi. Sigma Pi Sigma, and serves as Chairman of 
the EIA/NCTA Task Group on 75J2 Precision Coaxial Connectors 
He is a member also of the IEEE Subcommittee on Precision 
Connectors, of JEDEC Committee JS-9. and of the Department of 
Commerce Joint Industry Research Committee for Standardization 
of Miniature Precision Coaxial Connectors. 


where: 

Tj = Reflection coefficient indicated by the 1641 system, 
k = Normalized frequency response of the 1641 system. 
V x = True, unknown reflection coefficient. 

T 0 = Residual “directivity” reflection coefficient (Figure 1). 
T s = Reflection coefficient looking into coupler (Figure 2). 

When the UNKNOWN has low SWR(P X ^<0.1), the signifi¬ 
cant term is the directivity, P 0 . When the UNKNOWN has 
moderate or high SWR, the significant terms are kP x and 
kr s r x 2 In this latter case, the specifications shown in Figure 
4 are expressed as a percent of T x for simplicity. 

-J. Zorzy 

Complete specifications for theGR 1641 are in the supplement to GR 
Catalog U. to be distributed shortly. 


Bench Models 

Rack Models 

1641 Sweep-Frequency 

20 MHz to 1.5 GHz 
20 MHz to 7 GHz 

20 MHz to 18 GHz- 
20 MHz to 18 GHz 
500 MHz to 7 GHz 
500 MHz to 18 GHz 

1 GHz to 18 GHz 

Rcflectometer 

1641 9702 

1641-9701 

1641-9704 

1641-9705 

1641-9703 

1641-9706 

1641-9707 

1641-9712 
1641-9711 
1641 9714 
1641-9715 
1641-9713 
1641 9716 
1641 9717 



1-Z Sweep-Frequency 

20 MHz to 1.5 GHz 1641-9902 


20 MHz to 7 GHz 
20 MHz 10 18 GHz- 
20 MHz to 18 GHz 
500 MHz to 7 GHz 
500 MHz to 18 GHz 
1 GHz to 18 GHz 


Reflcctometer, with display oscilloscope 
- 1641-9912 f 


1641-9901 


16419903 


1641-9911 


1641-9913 


Transfer Oetectors, included (where appropriate) with 1641 

and 1641-Z; not included with RF Units purchased separately 
20 MHz to 7 GHz 1641-9606 

1 GHz to 18 GHz 1641-9604 


RF Units, to fill partially equipped models 
20 MHz to 1 5 GHz 
500 MHz to 7 GHz 
1 GHz to 18 GHz 

1641-9605 Accessory Kit 


1641-9601 
1641 9602 
1641-9603 
1641-9605 


* Includes all ttiree RF Units 


OCTCBER/DECEMBER 1970 


17 



IET LABS, INC in the TSenEacT 

534 Main Street, Westbury, NY 11590 


tradition 

www.ietlabs.com 

TEL: (516)334-5959 • (800) 899-8438 • FAX: (516) 334-5988 
















































^other^ 

new 

products 


EXPANSION IN THE 
RESISTOR FAMILY 


The family of standard resistors de¬ 
signed by GR has been increased by two 
more members in the GR 1440 series. 
These are the 0.0l-£2 and the 0.1 -£2 
resistors. 

Principal uses for the new resistors 
are in calibrations of low-impedance 
systems, for use in substitution meas¬ 
urements, and as laboratory or produc¬ 
tion standards. Construction of the new 
resistors is somewhat different from re¬ 
sistors of higher values in the 1440 



series. Previously, use was made of the 
card-type wire-wound technique. The 
new resistors are made up of a low- 
inductance meander-cut sheet element 
of well-aged Manganin,* connected to 
gold-plated copper terminals. 

•Registered trademark of Driver-Hams Co. 


When completed, the resistors are 
adjusted, with relation to the nominal 
value, to 0.1% (0.01 £2) and 0.05%(0.1 
£2) respectively. Both units are oil filled 
and sealed into oil-filled, diallylph- 
thalate boxes for long-term stability 
and mechanical protection. 

Development of these resistors was by W. 
J. Bastamer. 

Complete specifications for the GR 1440 
0.1 -ft and 0.01 ft resistors are in the supple 
ment to GR Catalog U. to be distributed 
shortly. 


Catalog 

Wombat 

OMcription 

1440-9671 

1440-9681 

1440 Standard Rawstor. 0 01 ohm 
1440 Standard Ram tor. 0.1 ohm 



SOLID-STATE, 
m PROGRAMMABLE ATTENUATORS 


I I 


Manual-remote model. 

Remote only model. * 


Automated testing is a must for ef¬ 
ficient high-volume production. If man¬ 
ually operated electronic instruments 
are involved, they have to be designed 
so that controls can be set and changed 
remotely by suitable electrical signals, 
often under computer control. Cali¬ 
brated programmable attenuators are 
useful for a variety of tasks 

• to extend and/or program the dy¬ 
namic range of other test equipment 
such as analog or digital meters, level 
sensors, oscilloscopes, wave or spec¬ 
trum analyzers, and counters 

• as gain or loss standards for measure¬ 
ments using insertion techniques 

• for level setting of signal sources for 
receiver testing of sensitivity, over-load 
characteristics, and selectivity 

• for open- or closed-loop leveling of 
sources responding to a preset program 
or a detector with suitable analog/digi¬ 
tal conversion. 

Note that signal sources often have pro¬ 
vision for frequency programming but 
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remote level setting is limited or un¬ 
available. 

Calibrated attenuators now available 
are almost all electromcchanically pro¬ 
grammed. Relays, reed switches, and 
turrets of coaxial pads operated by 
motors or solenoids are in use. With this 
approach, excellent results in terms of 
accuracy, SWR, and broad coverage can 
be obtained, but switching time suffers 
and there are definite limits to operat¬ 
ing life. 



Figure 1. Programming pulse triggers trace of 
attenuation transition from 0 dB to 40 dBat 
30 MHz. Horizontal scale: 1 ms/cm. Vertical 
scale: lOdB/cm. 


These are severe restrictions which 
would rule out applications in highly 
repetitive production testing or high¬ 
speed systems. The GR 1452 Attenua¬ 
tor was designed specifically for these 
requirements. Since it is all solid state, it 
is fast and not subject to the usual per¬ 
formance-life limitations. One-dB steps 
from 1 to 80 dB are produced by highly 
stable resistive pads of 40, 20, 10 dB 
and 8, 4, 2, 1 dB. These T and tr-pads, 
together with the rf diodes performing 
the switching function, are assembled 
into pseudo-coaxial structures. Switch¬ 
ing time is dependent largely on the 
decoupling networks; with a lower fre¬ 
quency limit of 10 kHz it is less than 0.5 
ms. Operating frequencies arc 10 kHz to 
500 MHz. 

As the choice of pad values suggests, 
remote selection uses BCD coding. 
Logic levels are compatible with com¬ 
mon 1C logic systems. Negative true 
logic controls attenuation values (all in¬ 
puts “high” corresponds to 0 dB rela¬ 
tive attenuation). 

The GR 1452 is available in two ver¬ 
sions. One model, for remote operation, 
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is not packaged in an instrument case to 
save money and space. The second 
model offers both manual and remote 
operation (when the dials are set to the 
“R” position). 

Figure I shows a transition in attenu¬ 
ation from 0 dB to40 dB,at 30 MHz. A 
spectrum analyzer was used as the de¬ 


tector (with suitably wide bandwidth 
and not scanning frequency); the hori¬ 
zontal sweep is triggered by the switch¬ 
ing signal applied to the attenuator. 

Development of the G R 1452 was by G. H. 
Lohrer. 

Complete specifications for the GR 1452 
are available in the supplement to Catalog U. 
to be distributed shortly. 


Catalog 

Number 

□ascription 

1452*700 

1452 Programmable Ananuator 

Manual Aomote Baneti Modal 

1452 9701 

Manual Remota Rack Model 

14529702 

RamotrOnty Mod* 


0490*722 Adaptor Sat. to rack 

mount manual remota model 



WINDSCREENS FOR 
MICROPHONES 



The GR windscreens for 1-inch di¬ 
ameter microphones (1560-9521) and 
1/2-inch diameter microphones 
(1560-9522) have been added to the 
ever-growing list of small accessories de¬ 
signed to make the lot of the sound- 
measurement engineer a little easier. 
The two new windscreens are fabri¬ 
cated of reticulated polyurethane foam. 
They arc especially helpful if one must 
make noise measurements outdoors 
when winds are of low velocity (30 mph 
or lower). Wind-generated noise is at¬ 
tenuated by a factor of 20 dB or more. 


Figure 1. Effect of 
1560*9521 Windscreen on 
response of 1560-P5 

Ceramic Microphone. 

These windscreens should prove to 
be useful also in industrial areas that 
may be oily or dusty. The use of a poly¬ 
urethane windscreen will protect the 
microphone diaphragm and has only a 
very small effect on the microphone fre¬ 
quency response and sensitivity. As the 
windscreen becomes soiled it can easily 
be removed, washed, and reused. 

The effect on the microphone sensi¬ 
tivity and frequency response is shown 


in Figure 1 for the GR 1560-9521 wind¬ 
screen. Loss is essentially 0 dB below 3 
kHz, then rises to about 2 dB at 12 kHz. 

Development of the windscreens was by 
E. E. Gross, Jr. 


Catalog 

No 

□ascription 


Wmrbrraan 4 par pack 

158P9521 

1 tnefi d«ameiar 

1580*622 

H-«ncri diameter 


A COUNTER IMPROVES 


The GR 1192-B Counter is another 
answer from GR to consumer requests 
for economical instrumentation. It in¬ 
corporates higher frequency response 
(50 MHz) than its predecessor, the 
1 192-A, without relaxing sensitivity 
specifications. With type-acceptance by 
the FCC as an a-m frequency monitor 
and as a monitor for fm and vhf- 
telcvision broadcasts, the 1192-B (plus 
the 1157-B Scaler for approved opera¬ 
tion to 216 MHz and to 500 MHz for 
normal tests) is available to broad¬ 
casters for use as a frequency monitor. 

Obviously, we have no wish to re¬ 
strict the use of our counter to the 
broadcast industry. Any reader interest¬ 
ed in reading frequency, frequency 
ratios, time intervals, single and multi¬ 
ple periods, and many other electrical 
phenomena for which the electronic 
counter is suited, should refer to the ar- 
tide 1 that introduced the 1192-A to 

* Denizen. S., ‘’The Counter Punch," GR Ex* 
peri men ter, July/August 1969. 



Experimenter readers. Many features of 
the 1192 counters are explained there 
in detail. 

As in the previous model, data dis¬ 
plays can be varied to suit test require¬ 


ments; options are 5-, 6-, or 7-digit read¬ 
out. Buffered data-output versions are 
available for each of the digit options. 

Development of the GR 1192-B was by S. 
Bentzen 


Complete specifications for the GR 1192 B Counter are in the 
supplement to GR Catalog U. to be distributed shortly 


1192-B Counter (50 MHz) Bench Models 

5- digit readout 

6- digit readout 

7- digit readout 

1192-Z Counter (500 MHz with scaler) Bench Models 

5- digit readout 

6- digit readout 

7- digit readout 

Relay-rack mounting for 1192-B or 1192-Z 
Option 2 BCD Data Output for 1192 B or 1192-Z 

1158-9600 Probe, Tektronix P6006 (010-0127-000) 
not sold separately 


OCTOBER/DECEMBER 1970 


19 



IET LABS, INC in the GenRad tradition 

www.ietlabs.com 

534 Main Street, Westbury, NY 11590 TEL: (516) 334-5959 • (800) 899-8438 • FAX: (516) 334-5988 



















SjS General Radio 

* Concord. Massachusetts 0174? 

617 389-4400 


ALBUQUERQUE 
ANCHORAGE 
ATLANTA 
BOLTON 
BOSTON 
BURBANK 
•CHICAGO 
CLEVELAND 
COCOA BEACH 
•DALLAS 
DAYTON 


505 265-1097 
907 279-5741 
800 638-0833 
617 7795562 
617 646 0550 
714 5409830 
312 9920800 
800 621 8105 
800 638 0833 
214 637 2240 
8006218105 


DETROIT 

ERIE 

GREENSBORO 
GROTON 
HARTFORD 
HOUSTON 
HUNTSVILLE 
INDIANAPOLIS 
LONG ISLAND 
•LOS ANGELES 


800 621-8105 
412 327 7200 
800 638-0833 
203 445 8445 
203 658 2496 

713 464 5112 
800 638-0833 
800 6218105 
212 964 2722 

714 5409830 


•NEW YORK (NY) 212 964 2722 
(NJ) 201 943-3140 

PHILADELPHIA 215 646 8030 


PITTSBURGH 
ROCHESTER 
SAN DIEGO 
•SAN FRANCISCO 
SEATTLE 
SYRACUSE 
•WASHINGTON. 
BALTIMORE 


412 327 7200 
315 454 9323 
714 5499830 
415 948-8233 
206 747 9190 
315 454 9323 

301 881 5333 


INTTERNATIONAL DIVISION concord, massachusettsoi742. usa 


•ARGENTINE 
•nd PARAGUAY 

Conln S A 

Bueno* Aim. Tal. 52 3185 

•AUSTRALIA 

Warburton Frankl Industrie* 
Ptv Ltd 

Sydney, Tal *48 1711 
Melbourne, Tel 69 01*1 
Brisbane. Tal 51 5121 
Adelaide. Tel 56 7233 

•BRAZIL 

Ambries S A 

R*o da Janeiro. Tel 242 7990 
SeL Paulo. Tel. 52 7006 

•CANADA 

Genera* Radio Canada Limited 
Toronto. Tal 1416) 2*2 339* 
Otieere 

CHILE 

Coesin Chile Ltda 
Santiago. Tal 39 6713 

COLOMBIA 

Manual Trujillo 

Van age* a Hljo. Ltda. 
Bogota 2. O I.. Tal 320679 


ECUADOR 

Sumlnittro* Tecnlcos Ltda 
Guayaquil. Tal 512A19 

HQNG KONG and MACAU 

Gilman 6 Co. Ltd. 

Hong Kong, B.C.C.. Tal. 227011 

INDIA 

Montana Private Limited 
Bombay. Tal. 2*2337. Calcutta. 
Lucknow. Kanpur. New Delhi, 
Bangalore. Mad rat 

•JAPAN 

Mldoriya Electric Co.. Ltd. 

Tokyo. Tal *61 8851 

KOREA 

M-C International 

San Franc taco. Tal 14151 397 1455 
Seoul. Tel 22 6891 

MALAYSIA 

Vanguard Company 
Kuala Lumpur. Tal 88213 

•MEXICO 

Electronic* Fredin, S A. 

Me*tco. 10 O F.. Tel 208948 

NEW ZEALAND 
W & K McLean Limited 
Auckland. Tal 587 039 
Wellington. Tel 555 869 


PAKISTAN 

Pak Land Corporation 
Karachi. Tal 47231* 

PERU 

Imported one* y 

Represents tones 
Electron Ice* S A. 

Lima. Tal 272076 

PHILIPPINES 

T. J Wolff & Company 
Makati. Riral. Tal 89 34 86 

SINGAPORE 

Vanguard Company 
Singapore, Tel 94695 

TAIWAN 

Heighten Trading C©.. Ltd. 
Taioei. Tel 518324 

THAILAND 

O. Simon Radio Co.. Ltd 
Bangkok. Tel 30991 3 


URUGUAY 

Coeain Uruguay© S. A 

Montevideo. Tel. 9 79 76 


VENEZUELA 

Coesin C. A 
Carecet. Tal 72 96 37 


»1 


•GENERAL RADIO COMPANY (OVERSEAS) 

P O Bo* 124. CH 8034, ZOrlch. Switzerland. Tal 47 70 20 


AUSTRIA 

Dipl Ing Peter Merchant 
Wien. Tat 57 82 30 

BELGIUM 

Groenpol Belgique S. A 
Bruaellet Tel 02/25 16 36 

DEMOCRATIC REPUBLIC 
OF THE CONGO 

Oesco de Schulthew 
Zurich. Tal 25 44 60 


DENMARK 

SEMCO A/S 
Glostrup. Tal 45 21 22 


EASTERN EUROPE 

General Radio Company 
I Over ve at I 
Tel 47 70 20 


FINLAND 

Into O/Y 

Meltlnkl, Tel 11 123 

•FRANCE 

General Radio Franca 
Pari*. Tal 355 75 46. Lyon 

•GERMANV 

General Radio GmbH 
MUnchen. Tel 40 18 17 
Hamburg. Tel 45 06 56 


GREECE 
Mar tot Dalleggio 
Representation* 

A them Tel 710 669 

IRAN 

tterkeh Co Ltd 
Tehran. Tel 62 82 94 


ISRAEL 

Eestronics Ltd. 

Tel Aviv. Tel 44 04 66 

•ITALY 

General Radio Italia S.p.A. 
Milano. Tal 29 31 29 

LEBANON 

Project* 

Beirut. Tal. 241200 

NETHERLANDS 

Groenpol Industrie!© 
Verkoop N V 

Am tier dam. Tel 020/64/474 

NORWAY 

Gustav A. Ring A/S 
Oslo. Tel 46 68 90 

PORTUGAL 

Cata Sat rat 
Lrsboa 


REPUBLIC OF SOUTH 
AFRICA 

Associated Electronics (Pty > Ltd. 
Johannesburg, Tal 724 5396 

SPAIN 

Hispano Electronic© S A 
Madrid, Tel 233.16 01 

SWEDEN 

Firm© Johan Lagarcrant/ K8 
Solna, Tal 08/83 07 90 

SWITZERLAND 

Seyffar & Co. A. G 
Zurich, Tel. 25 64 11 

•UNITED KINGDOM 
General Radio Company 
(U K ) Limited 

Bourne End. Buckinghamshire 
Tel 22*67 


EIRE 

General Radio Company 

1 Overseas). Tal 47 70 20 
General Radio Company 

IU K ) Limited. Tel 22*67 


EASTERN COUNTRIES 

INCLUDING YUGOSLAVIA 

Gotac 

Wien. Austria 


•Repair services erg available at these offices 


Grason-Stadler 

A OR COMPANY 

56 Wlnthrop Street. Concord. Massachusetts 01742 
Tel 61 7 / 369 3787 4 643 *162 


Time/Data 

A GR COMPANY 

490 San Antonio Road. Palo Alto California 94306 
Tal 415 / 327 8322 
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